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Motivation

Biodiversity crisis

Bird populations down 
30% in N. America since 

1970s

Hard logistics

Collecting field data is 
laborious and site 

access difficult

Limited expertise

Limited time and 
increasingly harder to 

find expertise

Scaling problems

Sampling at regional 
to global scales cost 

prohibitive



Solution

Turn sound recordings into bird 
diversity information for 
monitoring and analysis

Sound recorders

Low-cost, automated 
recorders (AudioMoths) 
capture bird calls and 

songs

Bioacoustics

Sounds represented 
as images, called 

spectrograms

Deep Learning

Convolutional Neural 
Networks (CNN) detect 

bird species in 
spectrograms



Scaling

Use site-level bird presence data 
and remotely-sensed habitat 
information for species maps and 
other products

Remote Sensing

GEDI, AVIRIS, 
Landsat 8/Sentinel-2 
provide regional-scale 
habitat characteristics 

Bird Detections

Deep learning models 
give us bird 

detections at each 
site

Species 
Distribution 
Modeling

Machine learning 
models help us predict 

where each species 
occurs across the entire 

study area

+ =



Powered By Citizen Scientists

Citizen Scientists

Community volunteers, 
land owners, college 

students

Field Data

Citizen scientists place 
audio recorders across 
Sonoma County, CA
during the breeding 

bird season

Reference Data Collection

Bird experts identify 
templates of bird 

vocalizations in the 
recordings, and use a 
pattern-matching tool 

to find potential 
matches to these 

templates

Non-experts review 
potential matches to 
identify more clips of 

the target bird 
vocalizations 

(consensus-based 
voting)

Deep Learning

Computer science 
team uses the 

collection of clips for 
each species to train 
three CNN models; 
iterative process, 

linked to reference 
data collection step



Cloud-based Project Management

Snyder et al., Citizen Science: Theory and Practice, in revision



Total = 748,516 minutes Total = 1,286 sites

Breeding Season Acoustic Surveys

Prototype Prototype

Implementation Implementation



Bird-call Classification with CNNs

Precision vs. Recall for all CNNs 

using “golden validation” data 

(exhaustive assessment of select 

recordings) with post-classification 

correction models relative to no 

correction.

Precision vs. Recall for all three CNNs 

with pre-training using Xeno-Canto 

sound data relative to not including pre-

training. Test data are regions of interest 

(ROIs) from pattern-matching 

validations.

Using F-score to determine which of three CNNs to use 

for a given species. Test data are pattern-matching ROIs. 

Pre-training

Post-classification correction

Fine-tuning 

training

Salas et al., PLOS One, in prep.

Steller’s Jay Wrentit Western Tanager

54 species modeled using 

3 CNN architectures



CNN for 

Anthrophony, 

Biophony, 

Geophony & 

Quiet

(ABGQ)

Quinn et al., Eco. Indicators, in prep.



Landowner Property Reports

Species detections by site ABGQ detections by site



Machine Learning
BCM

GEDI

DHI

Species Distribution Modeling

Burns et al., 
ERL 2020

● Our previous work used existing Point Blue, Breeding Bird Survey (BBS), & eBird 

data, 25 different species

● Update will include S2L acoustics-based bird species data with AVIRIS (chemistry), 

airborne lidar (structure), and Landsat 8/Sentinel-2 (phenology)



Acoustic-Structural-Spectral 
Relationships

Fabian Schneider  (JPL)
Antonio Ferraz (JPL/UCLA)
Leo Salas (Point Blue)
Matthew Clark (Sonoma State)
Akpona Okujeni (Humboldt-Universität zu Berlin)

Connecting bioacoustics and remote sensing to study 
habitat-animal diversity relationships in Sonoma County, CA

AGU 2021, Session B13A: Advances in Remote Sensing for 
Monitoring Biodiversity Change: Integrating Data and Models 
Across Scales and Technologies III

Airborne Lidar AVIRIS > EnMapCNN features



www.soundscapes2landscapes.org

https://soundscapes2landscapes.org/

